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Abstract
The Keck Planet Finder era begins this year with the delivery and commissioning of the instrument.
We expect KPF to have a significant impact on the discovery and characterization of exoplanets for
at least a decade and for more than twenty years with investments during the 2020s that maintain
its stability, improve its precision, and maximize the observational cadence available to users.
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1. The Keck Planet Finder
The Keck Planet Finder (KPF) will be delivered
and commissioned in 2022. The instrument will
significantly improve WMKO’s capability of mea-
suring precise radial velocities (RVs) to discover
and characterize extrasolar planets, as well as
other applications of high-precision optical spec-
troscopy (e.g., exoplanet transit spectroscopy and
asteroseismology). KPF is an optical (445–870 nm),
high-resolution (R = 95,000) echelle spectrometer
fed by optical fibers from Keck I and wavelength-
calibrated by a laser frequency comb. See Figure
1 and Gibson et al. (2016, 2018, 2020) for details
about KPF’s design and instrument specifications.

KPF will compete with facilities on 3–4 m
telescopes (e.g., NEID and HARPS-3/THE) and
8 m telescopes (ESPRESSO and MAROON-X).
In the 2030s and beyond, KPF’s competition will
include G-CLEF as a first-generation instrument
on GMT and HIRES as a second generation in-
strument on ELT. (HROS on TMT is too immature
for consideration here.)

2. KPF Measurement Precision
KPF excels in the three categories of measurement
error that contribute to Doppler uncertainty. First,
the 10 m aperture of Keck I combined with KPF’s
high optical efficiency provide a significant advan-
tage in photon-limited Doppler precision. KPF
will be 50% faster than ESPRESSO/MAROON-
X and 10× faster than NEID/HARPS. Because
of KPF’s calibration strategy, it will be ∼8–10×

faster than HIRES in photon-limited precision
despite having only modestly higher optical effi-
ciency. For example, KPF will achieve 10 cm s−1

photon-limited precision in 12 min on a V = 7.5
G2 Sun-like star, or a V = 9.7 M4 star. The sec-
ond contribution stems from instrumental noise
sources including thermomechanical variations
in the spectrometer and detector imperfections.
KPF’s comprehensive error budget predicts that
the instrument will be more accurate than its de-
sign requirement of 50 cm s−1, possibly at the
30 cm s−1 goal. With long-term investments, KPF
may achieve a 10 cm s−1 instrumental noise floor.
(HIRES has a 2 m s−1 noise floor.)

The third source is stellar activity, which in-
cludes contributions from the host star that distort
and shift stellar lines to create apparent Doppler
shifts. These stellar sources have amplitudes of
tens of cm s−1 to a few m s−1 for mature main
sequence stars and timescales from minutes to
decades. The physical sources include oscilla-
tions of the stellar surface, manifestations of gran-
ulation, rotational modulation of spots and plage,
and long-term cycles of the magnetic dynamo.
These can be combatted by observational strate-
gies that average over short timescale noise and
model longer timescale signals by sampling at
high cadence. Advanced modeling of the stellar
spectra (e.g., line-by-line approaches to measur-
ing RVs) is often used in conjunction with high-
cadence sampling.

Our recommendations below optimize KPF’s
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long-term performance by reducing instrumental
errors and stellar activity to take advantage of the
photon-limited precision. These improvements
benefit all science cases, but are essential if KPF is
to reach its full potential of detecting the 9 cm s−1

signal from an Earth-mass planet orbiting 1 AU
from a Sun-like star.

3. Maximizing the Output of KPF
We recommend a series of modest-scale invest-
ments that will increase KPF’s scientific output,
many of which build on recommendations from
the EPRV Working Group (Crass et al., 2021).

Community Cadence. The KPF team and WMKO
are developing a ‘Community Cadence’ observ-
ing mode to facilitate queue operations with KPF
on a large fraction of nights. As demonstrated in
Petigura et al. (2021), mitigating stellar activity
depends crucially on sampling the activity+planet
signal many times on the relevant timescales (usu-
ally the stellar rotation period of days to weeks).
We advocate fully developing Community Ca-
dence to give users nightly access to KPF for the
most challenging planetary systems. Community
Cadence can also improve the overall operational
efficiency of WMKO by adaptively using intersti-
tial time (e.g., the bright side of 18 deg twilight
on dark nights) and poor seeing nights.

A Fiber Injection Unit for Keck II. KPF will
be fed by a compact Fiber Injection Unit (FIU)
that sits on the Keck I AO bench (but does not
use AO). We recommend installing a second FIU
at Keck II and building a fiber switchyard at the
spectrometer to select light from either telescope.
The fiber lengths from Keck I (61 m) and Keck
II (121 m) mean that KPF will be 25% less effi-
cient at blue wavelengths for Keck II, but only
5% less efficient at red wavelengths. This up-
grade could improve the operational efficiency
of Community Cadence by providing scheduling
flexibility and for WMKO as a whole by evening
out over-subscription that oscillates between the
telescopes as new instruments are added. Two
types of FIUs for Keck II might be considered.
The first is a duplicate of the Keck I FIU that we

expect would be straightforward to build. The
second would allow for a simultaneous feed of
HISPEC at IR wavelengths for extreme chromatic
stellar activity mitigation.
Solar Calibrator. KPF and WMKO are devel-
oping a Solar Calibrator that will feed KPF with
sunlight during the day. The design, permitting,
and siting of this device are in progress. The Solar
Calibrator will provide a nearly ideal data set from
a star whose planets are known and whose activ-
ity signatures can be studied with simultaneous,
spatially-resolved imaging. We believe this is the
key to developing stellar activity mitigations on
the path to 10 cm s−1 precision. We advocate here
that the Solar Calibrator be a long-term feature of
KPF with regular, daily observations and publicly
available data products.
Stability tracking. The most successful Doppler
spectrometers of the past decade+ (e.g., HARPS)
have seen steady reductions in their instrumen-
tal noise. This is facilitated by tracking the in-
strumental stability over time (e.g., wavelength
stability, temperatures throughout the instrument,
detector characteristics, guiding performance) and
goes well beyond typical instrument health checks.
We argue here for a robust collaboration between
WMKO and the KPF community. This will re-
quire that WMKO treat long-term stability track-
ing as an Observatory responsibility, immediate
release of calibration and engineering data, and
possibly engineering time.
Data Reduction Pipeline (DRP). The KPF team
will deliver a sophisticated DRP to WMKO for
regular production of data products stored in KOA.
As with stability tracking, long-term DRP im-
provements can greatly improve measurement pre-
cision by modeling systematic error sources and
by employing algorithmic fixes to stellar activity.
We argue here for a robust collaboration between
WMKO and the KPF community to maintain and
upgrade the DRP with the latest community devel-
oped algorithms and KPF-specific improvements.
Hardware upgrades. We urge caution when con-
sidering upgrades to hardware inside of the spec-
trometer. Such upgrades are likely to shift KPF’s
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Figure 1. KPF is a complete RV measurement system, spanning subsystems from the telescope fiber injection unit to
the data reduction pipeline (left), each optimized for precision and efficiency. Each KPF exposure will produce data
products including precise RVs, reduced and wavelength-calibrated spectra, stellar activity metrics, and sky background
measurements. At the core is an asymmetric white-pupil spectrometer (right) on a Zerodur bench with Zerodur mounts and
optics for maximum stability, enclosed in a thermally controlled vacuum chamber.

RV zero point so that the time series pre- and post-
upgrade will need to be modeled as coming from
different instruments. Upgrades also carry non-
zero risk for damage to delicate KPF components.
We advocate for a comprehensive risk analysis
prior to such upgrades. Nevertheless, some up-
grades are worth considering. Second-generation
detectors might offer improved read noise or other
characteristics. The dichroic could be replaced for
improved red-channel transmission near 600 nm.
Different FIU lenses could improve the Ca H&K
spectrometer performance with the Solar Calibra-
tor.
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